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Abstract 
An effort has been taken to study the performance and emission characteristics of a Variable 
Compression Ratio (VCR) diesel engine fuelled with biodiesel (Rapeseed Oil Methyl Ester-
ROME, B100)  the use of EGR. Experiments are carried out on a unmarried cylinder, 4-
stroke diesel engine powered by Variable Compression ratio with 0%, 5%, 10% and 15% 
EGR keeping the load constant. diverse engine overall performance parameters such as 
particular fuel intake, Brake electricity, Brake thermal efficiency were calculated from 
received records. At CR-18, the overall performance and emission parameters for ROME are 
better when compared to different compression ratio. This suggests the feasibility of using 
ROME as an alternative gasoline for diesel. With utility of EGR the NO emissions have been 
significantly reduced. however the use of EGR at excessive stages bring about certain 
consequences. It increases CO and HC emissions and also impacts the overall performance. 
The cause of this Paper is to determine the possibility of the usage of biodiesel as an 
alternative fuel for petro diesel and effect of EGR and VCR on emission traits of Engine. 
 
Keywords:  EGR, VCR, Rapeseed oil Methyl Ester(ROME), Transesterification, Emissions. 
 
INTRODUCTION 
India ranks third in the world for the 
import of crude oil after United states and 
china. The net oil import dependency of 
India rose from 43% in 1990 to 71% in 
2012 that resulted in a huge strain on the 
current account. In the fiscal year 2015-16 
India’s import dependence on oil rose to 
81% from 78.5% in previous year. More 
vehicle purchases, increased use of diesel 
for irrigation due to weak monsoon and 
rising air traffic has drove up the 
consumption to 183.5 Million metric 
Tonne (mmt) compared to 165.5 mmt in 
previous year. To fulfill the energy 
demand of the world, the search for energy 
independence and concern for a cleaner 
environment have generated significant 
National interest in biodiesel, despite its 
shortcomings. India takes place to be 
global’s fourth biggest patron of crude and 
petroleum products after america, China 
and Japan. clearly India’s power safety 
might stay inclined till alternative fuels are 
evolved to replacement or complement 
petro-based fuels. within the beyond year 
Honourable prime Minister Narendra 
Modi had set a target to deliver down the 
oil import to sixty seven% by way of 2022. 
Biodiesel is an alternative diesel fuel 
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which can be obtained from the 
transesterification of vegetable oils or 
animal fat and methyl or ethyl alcohols 
inside the presence of a catalyst (alkali or 
acidic). Rudolph Diesel, the daddy of 
diesel engine, established the primary use 
of vegetable oil in compression ignition 
engine in 1910. He used peanut oil as 
gasoline for his experimental engine. 
There are, at least, four reasons that justify 
the development of biodiesel. 
1. It provides a market for extra 
manufacturing of vegetable oils and 
animal fats. 
2. 2 Biodiesel is renewable and does no 
longer make a contribution to 
worldwide warming due to its closed 
carbon cycle. 
3. It decreases, even though will not take 
away, the usa’s dependence on 
imported petroleum.  
4. The exhaust emissions of carbon 
monoxide, unburned hydrocarbons, 
and particulate emissions from 
biodiesel are decrease than with 
ordinary diesel fuel. sadly, maximum 
emissions assessments have shown a 
mild increase in oxides of nitrogen 
(NOx). 
 
The depletion of fossil gas and the effect 
of increasing environmental pollutants 
from exhaust gas emissions have led the 
search for alternative fuels. To remedy 
both environmental concern and electricity 
subject, the renewable energies is 
necessary. since last few years, stringent 
emission policies have been imposed on 
NOx, smoke and particulate emissions 
emitted from automobile diesel engines 
global. Diesel engines are generally 
characterized via low gasoline intake and 
very low CO emissions. however, the NOx 
emissions from diesel engines still 
continue to be high. therefore, a good way 
to meet the environmental policies, it's far 
rather desirable to lessen the quantity of 
NOx within the exhaust gasoline. EGR is 
good method to reduce all emissions from 
diesel engine. 
 
THEORY 
Exhaust Gas Recirculation : The Exhaust 
Gas Recirculation (EGR) system's purpose 
is to reduce NOx emissions that contribute 
to air pollution. Exhaust mainly consists of 
CO2, N2 and water vapour. When a part of 
this exhaust gas is re-circulated to the 
combustion cylinder, it acts as diluents. 
This also reduces the O2 concentration in 
the combustion chamber. A decrease in 
intake oxygen concentration decreases NO 
emission. The EGR decreases local atomic 
oxygen concentration and local 
temperature, which in turn reduces the NO 
formation rate. Temperature in the 
combustion chamber is more important 
factor in NO formation. The first EGR 
systems were added to engines in 1973, 
and today most engines have an EGR 
system. As long as the EGR system is 
functioning properly, it should have no 
noticeable effect on engine performance. 
But if the EGR system is leaking or 
inoperative, it can cause drivability 
problems, including detonation (knocking 
or pinging when accelerating or under 
load), elevated NOx emissions and even 
elevated hydrocarbon (HC) emissions in 
the exhaust. The EGR rate can be 
determined by 
EGR Rate =    X  100 
Where MEGR  is Amount of exhaust gas 
recirculated and  MTotal is Total gas 
entering into the cylinder. 
Transesterification: The   major   
components   of   vegetable   oils   and   
animal   fats   are Triglycerides.  To obtain 
biodiesel, the vegetable oil or animal fat is 
subjected to a chemical reaction termed 
Transesterification. 
The Transesterification process is the 
reaction of a triglyceride (fat/oil) with an 
alcohol to form esters and glycerol A 
triglyceride has a glycerine molecule as its 
base with three lengthy chain fatty acids 
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attached. The characteristics of the fat are 
decided by means of the nature of the fatty 
acids attached to the glycerine. the 
character of the fatty acids can in turn 
affect the traits of the biodiesel. at some 
stage in the esterification method, the 
triglyceride is reacted with alcohol in the 
presence of a catalyst, usually a robust 
alkaline like sodium hydroxide.  The 
alcohol reacts with the fatty acids to shape 
the mono-alkyl ester, or biodiesel and 
crude glycerol. In maximum 
manufacturing methanol or ethanol is the 
alcohol used (methanol produces methyl 
esters, ethanol produces ethyl esters) and is 
base catalyzed by using either potassium 
or sodium hydroxide. Potassium hydroxide 
has been found to be more suitable for the 
ethyl ester biodiesel manufacturing, either 
base may be used for the methyl ester . A 
not unusual manufactured from the 
transesterification technique is Rapeseed 
Methyl Ester (RME) made from raw 
rapeseed oil reacted with methanol. The 
parent under indicates the chemical 
manner for methyl ester biodiesel. The 
response between the fat or oil and the 
alcohol is a reversible response and so the 
alcohol need to be delivered in excess to 
force the reaction toward the proper and 
make certain whole conversion. 
 
 
Fig 1.1: Chemical Process for Methyl 
Ester Biodiesel 
 
 
Table No.1: Fuel Properties 
Test Description Rapeseed Methyl Ester 
Density, gm/cc 0.876 
Calorific Value, MJ/kg 38.50 
Cetane Number 51.10 
Viscosity, Mm
2
/Sec 5.40 
Flash Point, 
O
C 163 
Fire Point, 
O
C 171 
Ash 0.050 
 
EXPERIMENTAL SETUP 
The setup includes single cylinder, 4 
stroke, VCR (Variable Compression Ratio) 
Diesel engine related to eddy 
contemporary type dynamometer for 
loading. The compression ratio can be 
changed without preventing the engine and 
with out changing the combustion chamber 
geometry by using particularly designed 
tilting cylinder block association. Setup is 
supplied with important contraptions for 
combustion stress and crank-angle 
measurements. these signals are interfaced 
to laptop for airflow, gas go with the flow, 
temperatures and load dimension. The 
installation has stand-alone panel box 
which includes air container, two fuel 
tanks for duel fuel take a look at, 
manometer, gas measuring unit, 
transmitters for air and gasoline float 
measurements, system indicator and 
engine indicator. Rota meters are furnished 
for cooling water and calorimeter water 
float measurement. The setup allows look 
at of VCR engine performance for brake 
power, indicated energy, frictional 
electricity, BMEP, IMEP, brake thermal 
efficiency, indicated thermal efficiency, 
Mechanical performance, volumetric 
performance, precise gas consumption, 
A/F ratio and heat balance. 
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Table No. 2: Test Engine Specifications 
Make Kirloskar 
Number of cylinders and 
stroke 
Single cylinder with 
four strokes 
Rated Power 3.5 kW 
Rated RPM 1500 
Cylinder Bore 87.5 mm 
Stroke Length 110 mm 
Compression Ratio 12:1 to 18:1 
 
 
Photograph 1:  Experimental set- up 
 
EXPERIMENTAL TEST 
PROCEDURE 
1. make certain that each one the nut 
bolts of engine, dynamometer, 
propeller shaft, base body are well 
tightened.  
2. make sure that sufficient lubrication oil 
is gift within the engine sump tank. 
this may be checked through marking 
on the extent stick. 
3. make sure sufficient gasoline in gas 
tank. dispose of air in gasoline line, if 
any. 
4. switch on electric powered supply and 
make certain that DLU (Dynamometer 
loading unit), Load indicator and 
Voltmeter are switched on. 
5. Start water pump. Adjust the flow rate 
of "Rotameter (Engine)" to 250-350 
LPH and "Rotameter (Calorimeter)" to 
75-100 LPH by manipulating 
respective globe valves provided at the 
rotameter inlet. Ensure that water is 
flowing through dynamometer at a 
pressure of @ 0.5 to 1 Kg/cm2.  
6. Adjust the required compression ratio. 
7. Start the set up and run the engine at 
no load for 4-5 minutes. 
8. Note down the observations for no 
load condition. 
9. Note down the fuel consumption per 
50cc of fuel. 
10. Gradually increase the load to 12 kg on 
the engine by rotating dynamometer 
loading unit. 
11. watch for steady state (for @ three 
minutes) and gather the analyzing at 
complete loads. 
12. in line with waft charge calculate 
the specified air flow for five and 10% 
of  EGR and alter the valve by guide 
operation.  
13. Now insert the probe of gas 
analyzer in the exhaust line and look 
forward to the steady studying shown 
at the analyzer display. 
14. progressively decrease the burden 
to zero. 
This method is accompanied for 
various compression Ratios with 
Biodiesel 
 
RESULT AND DISCUSSION  
the usage of the facts obtained from 
experimental investigation, one of a kind 
parameters related to overall performance 
and emissions are considered and graphs 
are plotted with recognize to varying 
Compression Ratio and EGR charges. The 
effects that are obtained is mentioned in 
following subsections. 
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Effect of EGR and Compression Ratio 
on Hydrocarbon Emissions. 
 
Fig 2: Variation of HC Emissions with 
EGR for Rapeseed oil Methyl Ester 
 
Figure 2 shows effect of EGR & varying 
Compression ratio on Hydrocarbon (HC) 
emissions for Rapeseed oil Methyl Ester 
(ROME). It is observed that  HC emission 
decreases with increase in compression 
ratio. This is due to improvement in 
combustion process. However HC 
emission increases with increasing EGR 
rates. This is due to reduction of oxygen 
concentration in inlet charge as EGR is 
introduced into the cylinder which makes 
the charge diluted. At CR-18 and 10% 
EGR, HC emissions are  89 ppm. 
 
Effect of EGR and Compression Ratio 
on Carbon Monoxide Emissions. 
 
Fig 3:  Variation of CO Emissions with 
EGR for Rapeseed Oil Methyl Ester 
Figure 3 shows variations of Carbon 
Monoxide (CO) Emissions with EGR and 
varying compression ratio for Rapeseed oil 
Methyl Ester (ROME). It can be observed 
that CO emission decreases with increase 
in compression ratio. At CR-18 and 10% 
EGR, CO emissions are 0.45% Vol. 
Increasing EGR flow rates results in rise of 
CO emissions. This is due to fact that high 
EGR flow rates results in deficiency of 
oxygen in combustion process and 
incomplete combustion tends to increase 
CO emissions. 
 
Effect of EGR and Compression Ratio 
on Nitrogen Oxide Emissions. 
 
Fig 4: Variation of NO Emissions with 
EGR for Rapeseed Oil Methyl Ester 
 
Figure 4  shows Variation of Nitrogen 
Oxide (NO) emission with EGR and 
varying compression ratio for Rapeseed oil 
methyl ester (ROME). It can be observed 
that NO emission increases with increase 
in compression ratio. ROME emits higher 
NO emission due to higher oxygen content 
of biodiesel. It provides high local 
temperature and complete combustion of 
biodiesel. The NO emission tends to 
decrease significantly with increase of 
EGR rate. This may be due to reduction in 
oxygen concentration and reduced flame 
temperature. 
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Effect of EGR and Compression Ratio 
on Specific Fuel Consumption.  
 
Fig 5: Variation of Specific Fuel 
Consumption with EGR for Rapeseed Oil 
Methyl Ester 
 
Figure 5 shows effect of EGR & varying 
Compression ratio on Specific fuel 
Consumption (SFC) for Rapeseed oil 
Methyl Ester (ROME). With increase in 
Compression ratio, SFC is found to be 
decreased. This is due to improved 
combustion at higher compression ratio. 
However with increase in EGR rates, SFC 
is found to be increased. This is because 
biodiesel has less energy content than 
diesel that causes fuel consumption to 
increase. 
 
Effect of EGR and Compression Ratio 
on Brake Power. 
 
Fig 6: Variation of Brake Power with 
EGR for Rapeseed oil Methyl Ester 
             
Figure 6 shows effect of EGR & varying 
Compression ratio on Brake power for 
Rapeseed oil Methyl Ester (ROME). It is 
observed that B.P is maximum for CR-18 
(i.e. 3.41 kW) and minimum for CR-14 
(i.e. 2.88 kW). With implementation of 
EGR, B.P starts decreasing. This may be 
due to dilution of charge.  
 
Effect of EGR and Compression Ratio 
on Brake Thermal Efficiency. 
 
Fig 7: Variation of Brake Thermal 
Efficiency with EGR for Rapeseed Oil 
Methyl Ester 
 
Figure 7 shows effect of EGR & varying 
Compression ratio on Brake Thermal 
Efficiency (BTE) for  Rapeseed oil Methyl 
Ester (ROME). It is observed that BTE 
increases with Compression Ratio. With 
implementation of EGR, BTE is found to 
be decreased. This is due to reduction in 
calorific value and increase in fuel 
consumption. BTE varies from 23.79% (at 
CR-18 with 0% EGR) to 12.82% (at CR-
14 with 15% EGR). 
 
CONCLUSION 
An experimental investigation was 
conducted to study Exhaust Gas 
Recirculation (EGR) effect of  Rapeseed 
oil Methyl Ester (ROME) powered by 
Variable Compression Ratio diesel engine. 
1. The present experimental result 
supports that Rapeseed Oil Methyl 
Ester can be successfully used in 
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existing diesel engine without any 
modifications.  
2. From experimental investigation it is 
found that with increase in 
compression ratio, Brake thermal 
efficiency increases and specific fuel 
consumption decreases. In emission  
parameters, with increment in 
compression ratio emissions of carbon 
monoxide (CO), Unburnt 
Hydrocarbons (HC) was found to be 
decreased. However emission of 
Nitrogen oxide (NO) was increased. 
With compression ratio 18, the 
performance and emission 
characteristics were found to be better 
as compared to other compression 
ratios. 
3. Due to presence of molecular oxygen, 
Biodiesel undergoes improved 
combustion that leads to higher 
Nitrogen oxide emissions. This higher 
NO emissions can be effectively 
controlled by using Exhaust Gas 
Recirculation (EGR) technique. 
Exhaust Gas Recirculation lowers the 
oxygen concentration in combustion 
chamber resulting into lower Nitrogen 
oxide emissions. However application 
of EGR also resulted in some penalties. 
EGR increases Hydrocarbon and 
Carbon monoxide emissions. At higher 
EGR rates Brake power, Brake thermal 
efficiency, Mechanical Efficiency are 
decreased whereas specific fuel 
consumption is increased. At CR-18 
and 10% EGR, NO emissions are 
reduced by 57.6 % for ROME.  
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